A comparison of the covalent binding of clozapine, procainamide, and vesnarinone to human neutrophils in vitro and rat tissues in vitro and in vivo.
Covalent binding of drug reactive metabolites to neutrophils or their precursors is thought to play a role in the development of drug-induced agranulocytosis. In this study, we used immunochemical techniques to compare the covalent binding of clozapine, vesnarinone, and procainamide (three drugs associated with agranulocytosis) to phorbol-12,13-myristate acetate (PMA)-activated human neutrophils in vitro and rat tissues in vivo. In PMA-activated human neutrophils in vitro, clozapine and procainamide modified neutrophil proteins with molecular masses ranging from 30 to 200 kDa, while vesnarinone predominately formed adducts with molecular masses greater than 70 kDa. All three drugs formed adducts at 126, 98, and 58 kDa, and they all covalently bound to human myeloperoxidase when incubated with this enzyme and H2O2 in vitro. Covalent binding to PMA-activated neutrophils was inhibited by nucleophiles, such as glutathione and N-acetylcysteine, but not by N-acetyllysine. In the presence of the PMA, all three drugs covalently bound to activated rat bone marrow cells in vitro, while in its absence only clozapine did. Covalently modified liver proteins were observed in rats treated for 6 weeks with clozapine (25 or 50 mg/kg/day), vesnarinone (300 mg/kg/day), or procainamide (50 mg/kg/day). Clozapine extensively modified proteins in all subcellular fractions; procainamide formed a 99 kDa adduct in a membrane-containing fraction and 57, 47, and 36 kDa adducts in a cytosolic fraction, while vesnarinone formed liver-protein adducts with molecular masses of 82, 62, 49, and 40 kDa in membrane, cytosolic, and S9 fractions. In addition, clozapine and procainamide, but not vesnarinone, formed a 49 kDa drug-protein adduct in the bone marrow of treated rats. Furthermore, procainamide covalently bound to a 58 kDa protein in neutrophils of a patient treated with the drug. We suspect that covalent modification of common targets in the neutrophils by these three drugs plays a role in the development of drug-induced agranulocytosis.